Abstract: Lake Erenciuc is situated in the Danube Delta (Romania) and was created in the abandoned riverbed of the Sfântu Gheorghe arm. It is the largest meander lake in Romania. During spring-summer, the physico-chemical parameters of water have been measured in seven lake sampling points and one at the Sfântu Gheorghe branch, which supplies the lake through Erenciuc channel. The area around Lake Erenciuc belongs to the category of strictly protected areas within the Danube Delta Biosphere Reserve. The following water quality parameters were measured: temperature (T: °C); pH (pH units); Luminescent Dissolved Oxygen (LDO: mg dm ).
Introduction
The Danube Delta has a surface of 5600 km 2 , being the third delta in Europe after the Volga and Kuban Deltas (Russian Federation) . It represents the creation of the Danube River in the north-west sector of the Black Sea (Romanescu 2005) . It has a particular coastline dynamic, advancing at the mouths, while between the branches it is subject to erosion processes. These are specific phenomena for most of the world's deltas as a consequence of decreasing river solid flows and the increasing water level of the planetary oceans (Adopo et al. 2014; Allenbach et al. 2015; Keremedchiev and Valchev 2008; Matenco et al. 2015; Petrişor et al. 2016; Romanescu and Cojocaru 2010; Romanescu 2013; Van Dinter 2017; Vespremeanu-Stroe et al. 2017) . It is the only delta on the planet to have been declared a Biosphere Reserve (in 1991) . It is spread between three main branches that end with secondary deltas for each river mouth: the Chilia (digitate delta), the Sulina (triangular shape) and the Sfântu Gheorghe (rounded shape) (Romanescu 2013) . The oldest tributary is the southern one (Sfântu Gheorghe) which is why two important lakes of abandoned meanders are found along its length: Erenciuc and Belciug Lakes (Romanescu 2005) . The most important one is Erenciuc Lake, declared a strictly protected area with full protection status for Erenciuc's Alder forest, (50 ha of protected black alder forest -Alnus glutinosa). The alder forest located at the downstream mouth of the lake also plays a role in the protection of the river levee (Andronache et al. 2017; Petrişor 2016) .
The water supply within deltaic systems, in floodplains and particularly in oxbow lakes has been widely studied at an international level. Thus, to date, the following topics have been addressed: (i) implications of water dynamic in the ecological reconstruction of partially or totally closed lakes, such as meander lakes (Driga,2008) , (ii) highlighting, by measuring specific electric conductivity, of water volume and sediment mixture during floods within meander lakes (Turk et al. 2016) , (iii) analysis of the spatial connectivity and heterogeneity of the aquatic system in river floodplains (Amoros and Bornette 2002; Thoms 2003) , (iv) influ-ence of flood pulse on the chemical composition and biomass of macrophytes by stressing the increased azoth and phosphorus contents in meander lakes (Camargo and Esteves 1996) , (v) dynamic of water quality and the role of meander lakes in the multitemporal storage of nutrients from anthropic activities (Glińska-Lewczuk 2009), (vi) dynamic of nutrients and organic matter in the floodplains of glacial rivers (Tockner et al. 2002) , (vii) management of natural lakes transformed into artificial water bodies through hydrotechnical or dredging interventions (Kubiak et al. 2017; Su et al. 2017; Ten Brinke et al. 2017; Van Leeuven et al. 2016) , (viii) GIS techniques for the monitoring of water bodies (Yang et al. 2014) .
There are detailed studies at a national level for the Danube Delta and the great wetlands: Balta Ialomitei and Balta Brailei along the lower course of the Danube river (Banaduc et al. 2016; Burada et al. 2014; Catianis et al. 2014; Coops et al. 2008; Navodaru et al. 2001; Raischi et al. 2016 ). The quality and productivity of the biota within meander lakes localized in deltaic systems within the temperate area constituted the main topic of the studies within which we explain the variation and interdependence between the water flows communicating seasonally between the lotic and the lentic systems. The productivity of the biota is the direct response of the flood pulse inducing a spatial and seasonal variability of water level fluctuation, and of the physical-chemical parameters (pH, EC, concentration and distribution of oxygen, nutrient availability) (Forsberg 1984; Furch 1984; Junk et al. 1989; Melack 1984; Payne 1986 ) and biological ones (Affonso et al. 2011; Sioli 1984) , as well as of the benefits induced to the floodplain environment (Bayley 1995; Tockner et al. 2000) . Dissolved oxygen is an extremely important parameter for maintaining life throughout the aquatic environment (Banaduc et al. 2016; Coops et al. 2008; Navodaru et al. 2001 Navodaru et al. , 2005 . Water quality and the influence of the physicochemical parameters on the biota has determined most recent studies to also consider isolated lakes which are not of any particular economic importance but are individualized as biodiversity islands (Anton et al. 2008; Barbulescu 2015; Borowiak 2014; Cudowski et al. 2013; Gadzinowska 2013; Kundrat et al. 2016; Marszelewski et al. 2017; Merecki et al. 2015; Mihu-Pintilie et al. 2014; Pantea et al. 2017; Pasztaleniec et al. 2013; Petrovici et al. 2010; Puri et al. 2010; Romanescu 2003 Romanescu , 2006 Rzymski et al. 2017; Sevian et al. 2015; Sundri 2015; Ureche et al. 2012; Wrzesinski et al. 2015; Wu et al. 2013) .
The seasonal dynamic of the water volume within meander lakes determines the generation of their existence phases: filling, inundation, drainage and isolation (e.g. lakes of Parana River valley) (Garcia de Emiliani 1997: after Lewis 1983 ). In the temperate climate lake, meander lakes localized in floodplains are characterized by the manifestation of three phases: water supply from its catchment basin (limnophase), water supply from a river nearby (potamophase) and its temporary disappearance during the flood (Dawidek and Ferencz 2012) .
In conditions of total isolation, the oxbow lakes are doomed. The natural conditions of the Danube Delta lead to an intense organic sedimentation within the water bodies (up to 80%) (Romanescu 2006) . In higher altitude lakes, where the climate is colder, the organic sedimentation is lower (Mihaiescu et al. 2012; Pop et al. 2013) . Meander lakes, just before turning into oxbow lakes, that are still connected to the river flow, in this case Sfântu Gheorghe, prolong their lives (Romanescu 2005) . For this reason, the secondary distributaries are periodically or constantly dredged or new channels are built for the water to flow freely in between the main river courses. The water level within the great floodplains and the deltas is extremely variable due to the slope, width of the riverbed and the flow conditions (Ashaary et al. 2015; Barbulescu and Barbes 2013; Choi et al. 2016; Dragicevic et al. 2016; Mierlă et al. 2014 Mierlă et al. , 2015 . At higher water levels, the water flows from within the channel towards the lake while at lower water levels it flows in the opposite direction (Romanescu 2005 (Romanescu , 2006 Gâstescu and Ştiucă 2008; Yang et al. 2014) .
The main physico-chemical properties were targeted in respect to the transitional waters between spring and summer from the largest meander lake left in Romania. Depending on the physico-chemical characteristics of the isolated waters, there is a specific biota growing with alterations from one season to another. From this point of view Lake Erenciuc is a model for supplying, preserving and developing a natural isolated lake environment.
Study area
The most spectacular meander lakes are located along the Sfântu Gheorghe branch: Erenciuc on the left bank and Belciug on the right bank. The largest surface, and second in respect to depth is Lake Erenciuc: 1.29 km 2 and 3-3.5 m depth. In the central part of the lake the width is 308 m. The general cardinal orientation is N-S (Fig. 1) . The end of the lake is in the north and the mouth in the south, connecting with the Sfântu Gheorghe branch. The end of the lake is in the upstream of the old route and the mouth in the downstream which links naturally with the main branch (Sfântu Gheorghe). It is the largest meander lake in Romania and it preserves the typical shape of a free meander. The shallowest areas of the lake are present on both sides. In-organic clogging is intense towards downstream while organic clogging is intense upstream. Lake Erenciuc holds two main inflows and a secondary one, which flows only at high water levels. The most important inflow is the Erenciuc channel (Fig. 2) , which links the lake to the Sfântu Gheorghe branch. The Hruscova channel (or Mocansca) links the lake with Puiu lake and further with Rosu and Puisor lakes. The secondary linkage is between Lake Erenciuc and the Magistral channel but at the moment this is heavily clogged and it flows only at very high-water levels.
Methods
As a result of the fact that the lake has an elongated shape seven sampling sites were established within the lake and one on the main inflow where the water flows towards the lake at the point of sampling. A sample from the Sfântu Gheorghe watercourse is necessary because the collected data corelates with the two nearby samples from the mouth (downstream) of the lake. The sampling sites 2 and 3 reach the maximum depths. The sampling methodology was conducted according to the monitoring manual by the National Administration "Romanian Waters" from Bucharest and also according to the literature models that evaluate water quality (Cical et al. 2016; Capatina 2016, 2017; Dirtu 
Results and discussion
Water circulation through Lake Erenciuc had become more efficient by the end of 1992 when river regulation of the Sfântu Gheorghe watercourse was begun. By regulating the branch, the navigation route shortened from 107 km to 74 km to facilitate the navigation and to avoid the clogging of the meandered sectors (Romanescu 2005) . Due to river regulation and shortening the natural course of the branch, the main water velocity changed drastically. For this reason, water renewal in the lake is weaker. The main water supply is through the Erenciuc channel which links the lake with the branch. This direction of the water supply is dominant especially during the spring and early summer when the water levels in the branch are higher. By the end of the summer and during the autumn the direction of the water flow may change due to lower water levels in the watercourse and the waters from the lakes (including Lake Erenciuc) flow into the main branches.
The physico-chemical values are corelated with the water supply source but especially with the velocity of the supply. The differences between the values can be observed between the upstream sector (end of the lake), the middle sector and the downstream sector (the mouth of the lake). These must be corelated with the values recorded in sampling site 8 which corresponds with the waters in the main watercourse, Sfântu Gheorghe. The obtained data are compatible with those published in previous years, especially after the Sfântu Gheorghe branch was channeled over much of its length. The characteristic data from the Rosu-Puiu lacustrine complex, which supplies (through the waters from the Sulina branch) the Lake Erenciuc basin during summer and autumn were also taken into account (Romanescu 2005 (Romanescu , 2006 . The water surface temperature was relatively stable throughout all the sampling sites, including that one located at the main arm of River Danube (Sfântu Gheorghe branch). It ranged from 21.8 to 24.1°C. This was due the fact that the water levels during the sampling campaign were higher than normal. Water temperature slowly decreased along depth gradient due to shallow conditions of the lake (Barbulescu 2015; Mihu-Pintilie et al. 2014 ). The maximum surface temperature (24.1°C) was observed at site 6 (Fig. 3) , while the minimum lake temperature was recorded at site 2 (19.7°C) at 3 metres below the surface. Also, at site 1 water temperature near the bottom was below 20°C, and dropped from 21.8°C at the surface to 19.9°C at the depth of 1 metre. In these two sampling sites the aquatic surface was covered with floating vegetation which blocked the light penetration into the water (Fig. 4) . The air temperature throughout the day was identical with the water surface temperature. The lake waters are alkaline, and resemble those in the southern branch of the River Danube. The highest pH value (9.5 at the surface) was recorded in the upstream part of the lake (site 1), where the waters were stagnant due to the lack of surface water supply. In this sector the aquatic vegetation was abundant. The lowest pH (7.49 at a 3 metre depth) was recorded in the downstream part of the lake (mouth of the lake, site 7) and was almost identical with that in the Sfântu Gheorghe branch (pH = 7.92 at the surface) (Fig. 5) .
The highest values of dissolved oxygen concentration and oxygen saturation were recorded one metre below the water surface at sampling site 5 (7.5 mg dm -3 , namely 90%) (Fig. 6) . They resemble those from the Sfântu Gheorghe branch (site 8), and favour the development of the biota. In turn, the lowest values were ) and dissolved oxygen saturation, DO (in percents) at eight sampling sites in Lake Erenciuc recorded above the bottom at sampling sites 1 and 2. Significantly worse oxygen conditions in the northwestern part of the lake (concentration: 0.11-0.15 mg dm -3 , and saturation: 17-20%) are related to gas emissions from the decomposing organic substrate covering the lake bottom. In this part of the lake the organic clogging is dominant (above 80%).
Characteristics of water tension and electrical conductivity (Fig. 7) were directly related to total dissolved solids concentration, TDS (Fig. 8) . The highest TDS concentration (143.5 mg dm -3 ) was found at site 2, at the depth of 3 meters. This was very close to the one observed in the near bottom layer in the Sfântu Gheorghe watercourse, where it reached 139.0 mg dm Lake Erenciuc is a part of strictly protected area within the Danube Delta Biosphere Reserve. For this reason, anthropic interventions are limited to maintaining the permanent connection and sustaining water exchange with the Sfântu Gheorghe watercourse and with the nearby lake complex Puiu-Rosu (Fig. 9) . The clogging rate of the flow channels is very high and due to the lack of water circulation there is a high risk of the lake eventually disappearing
Conclusion
Measurements during the high waters highlighted the existing connection between the lacustrine basins of the Erenciuc with the Sfântu Gheorghe branch. For this reason, the physical-chemical characteristics within the lake are similar to those within the main branch supplying it. During the low waters in the summer and fall, we feel the circulation within the delta, from the lacustrine complexes of Rosu-Puiu, and the direction of the current reverses. In this case, the physical-chemical characteristics of the waters are identical to those within the delta inlands. A good water supply exists only during the spring and early summer. By the end of the summer and in autumn the water levels in the branch drastically decrease, the lake is shallower and on several occasions the communication with the water from Sfântu Gheorghe watercourse are obstructed. During the high waters the eutrophication process is absent and this favors the evolution of biota. Thus, all the sampled parameters indicate a favourable status for the evolution of the biota. 
